EUROPEAN PATENT OFFICE 



Patent Abstracts of Japan 

PUBLICATION NUMBER : 05326976 

PUBLICATION DATE : 10-12-93 

APPLICATION DATE : 20-05-92 

APPLICATION NUMBER : 04127747 

APPLICANT : ROHM CO LTD; 

INVENTOR : NAKAO HIRONOBU; 

: H01L 29/788 H01L 29/792 G11C 16/02 



INT.CL. 
TITLE 



SEMICONDUCTOR MEMORY AND 
MANUFACTURE THEREOF 




f— I- SB 6 fl^^fSSfS 




B2 B3 



ABSTRACT 



PURPOSE: To provide a semiconductor memory and a manufacture thereof capable of 
precisely forming the semiconductor memory of FACE type in MONOS type or MNOS type 
at a small cell area. 



CONSTITUTION: A first insulating film 5 is formed on the surface of a semiconductor 
substrate 1 and a gate electrode 6 is formed on the first insulating film 5. Then, a side wall 
10 consisting of a second insulating film is formed on one side of the gate electrode 6 and 
a side wall 8 consisting of a polysilicon film through a third insulating film is formed on the 
other side of the gate electrode 6 and a source region 3 (drain region 4) is formed using 
both the side walls 8 and 10 as a mask. A selective gate electrode 9 is formed in contact 
with the side wall 8 of the polysilicon film and a word line 12 is formed on the selective 
gate electrode 9 through a fourth insulating film. 
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(54) SEMICONDUCTOR MEMORY AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To provide a semiconductor memory and a manufacture 
thereof capable of precisely forming the semiconductor memory of FACE 
type in MONOS type or MNOS type at a small cell area. 
CONSTITUTION: A first insulating film 5 is formed on the surface of a 
semiconductor substrate 1 and a gate electrode 6 is formed on the first 
insulating film 5. Then, a side wall 10 consisting of a second insulating film 
is formed on one side of the gate electrode 6 and a side wall 8 consisting 
of a polysilicon film through a third insulating film is formed on the other 
side of the gate electrode 6 and a source region 3 (drain region 4) is 
formed using both the side walls 8 and 10 as a mask. A selective gate 
electrode 9 is formed in contact with the side wall 8 of the polysilicon film 
and a word line 12 is formed on the selective gate electrode 9 through a 
fourth insulating film. 






-SG3 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application converted 

registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) The gate electrode formed through the 1st insulator layer on the semiconductor substrate of the 1st 
conductivity type, (b) The sidewall which consists of the 2nd insulator layer formed in one side side of this gate 
electrode, (c) The sidewall which consists of contest polysilicon formed in the side side of another side of the 
aforementioned gate electrode through the 3rd insulator layer, (d) The source field and drain field where the impurity 
of the 2nd conductivity type was introduced and formed in the aforementioned semiconductor substrate of each outside 
of both the aforementioned sidewalls, And (e) Semiconductor memory which consists of a selector-gate electrode 
which connected with the sidewall which consists of contest the aforementioned polysilicon, and was formed. 
[Claim 2] (a) the 1st insulator layer forms in a semiconductor substrate front face - having - this -- the process by 
which a gate electrode is formed on the 1st insulator layer - (b) The sidewall which is from the 2nd insulator layer on 
one side side of this gate electrode is formed. The process in which the sidewall which is from contest polysilicon on 
the side side of another side of the aforementioned gate electrode is formed, (c) A source field (drain field) is formed 
by ion-implantation by using both the aforementioned sidewalls as a mask, the process by which a selector-gate 
electrode is formed on the 1st [ of this field ] insulator layer, and (d) the 4th insulator layer forms on this selector-gate 
electrode — having — this - process of a semiconductor memory which consists of combination of a process in which 
the word line with which the gate electrode of the cell located in a line with the longitudinal direction was connected is 
formed on the 4th insulator layer 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to a semiconductor memory and its process. It is the semiconductor 
memory which pours an electron into an insulator layer and adjusts threshold voltage in more detail, and is related with 
the semiconductor memory which attained reduction-ization of cell area, and its process. 
[0002] 

[Description of the Prior Art] Rewriting of data is electrically possible and EEPROM which can do data-hold also in 
the state of a non-power supply is used broadly. To the flash memory type which pours a hot electron into this 
EEPROM at the floating gate, and an insulator layer, by FN tunneling, direct tunneling, etc. An electron MONOS 
(metal oxide nitride oxide semiconductor) of the metal-oxide-film-CHITSU-ized film-oxide-film-semiconductor 
structure to pour in ~ MNOS 0 of type metallurgy group-CHITSU-ized film-oxide-film-semiconductor structure 
[ metal ] nitride oxidesemiconductor There is type, and since there are 1-2 figures of much number of times of writing 
compared with flash plate type memory, useful [ of MONOS or the MNOS type ] is carried out. 
[0003] On the other hand, in order to attain the miniaturization of an element, it is arranged in the shape of an array 
with a flash memory type. FACE by which the adjacent drain and the adjacent source of a memory transistor are 
connected, and contact is not formed in both a drain and the source (Flash Array Contactless Eprom) The 
semiconductor memory of type "For example, reference High density contact loess, Self aryne EPROM Cell Array 
Technology" (High Density Contactless, Self Aligned EPROM Cell Array Technology), It is indicated by (an eye I dee 
em (IEDM), 1986, and the 592 - 595 page). 

[0004] On the other hand, without being able to perform more easily writing of this FACE type semiconductor 
memory, and read-out and using the LOCOS oxide film for separation between elements moreover A low 
concentration impurity range is formed between a source field and a channel field at a self-adjustment target. Writing 
"The forbidden semiconductor memory Ann reed MENTORIKARU rye tree doped Source (ALDS) cell forehand Bar 
CHUARU DARAUNDO highness EPROM Density () [ An ] Asymmetrical Lightly-Doped Source(ALDS) Cell For 
Virtual Ground High Density EPROMS" (an eye I dee em (IEDM) ~ in 1988) 432-435 It is indicated by the page. 
[0005] Semiconductor structural drawing of this FACE type semiconductor memory is shown in drawing 1 1, and a 
representative circuit schematic is shown in drawing 12. It is a cell PI at this semiconductor memory. In order to write 
in a memory transistor Impress the 8V place high voltage to bit line k (drain field 24), and a 0V place low battery is 
impressed to a bit line k+1 (source field 23) and other bit lines. By impressing the 12V place high voltage to word line 
m (word line 25), and impressing a 0V place low battery to other word lines Since the concentration difference 
between the channel field (p layers) 22 and the drain field 24 (bit line k, n+ layer) is greatly different, writing is 
performed that it is easy to produce a hot electron. Cell P2 on the right of this cell p Although the high voltage is 
impressed also to the gate electrode for the source field (bit line k) by the high voltage, since the low-concentration n- 
field 21 is formed between the source field and the channel field, it is hard to produce a hot electron and writing is not 
performed. Moreover, it is a cell PI by a bit line k+1 (source field 23) being a 2.5 V place high voltage at the time of 
read-out, and a low battery and the other bit line of bit line k being open, and impressing the 5V place high voltage to 
word line m, and impressing a low battery to other word lines. Read-out can be performed. 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, the flash plate type memory transistor which used the 
floating gate is used, the conventional FACE type semiconductor memory is written in, and read-out is performed. 
However, it is H2 in an insulator layer in that the trap of the charge is carried out very small into an oxide film since a 
hot electron is poured in by the high energy with a flash plate type memory transistor ****. Combination etc. is cut, 
structure changes, or the shift amount of threshold voltage Vth changes, distinction of the high voltage and low battery 
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which were impressed to the gate becomes impossible, it rewrites compared with the memory transistor of a MONOS 
type or an MNOS type, and there is a problem that 1-2 figures of number of times decrease. 
[0007] On the other hand, writing is performed only by the high voltage being impressed to the gate, the memory 
transistor of a MONOS type or an MNOS type can perform neither writing nor read-out in one cell alternatively only 
with one memory transistor, it is the semiconductor memory of a MONOS type or an MNOS type, and the FACE type 
is not realized. 

[0008] this invention solves such a problem, is a MONOS type or an MNOS type, and aims at offering the process ot 

the semiconductor memory which attained reduction-ization of a FACE type cell area. 

[0009] 

[Means for Solving the Problem] The semiconductor memory by this invention is (a). Gate electrode formed through 
the 1st insulator layer on the semiconductor substrate of the 1st conductivity type (b) The sidewall which consists of 
the 2nd insulator layer formed in one side side of this gate electrode, (c) The sidewall which consists of contest 
polysilicon formed in the side side of another side of the aforementioned gate electrode through the 3rd insulator layer, 
(d) The source field where the impurity of the 2nd conductivity type was introduced and formed in the aforementioned 
semiconductor substrate of each outside of both the aforementioned sidewalls, a drain field, and (e) It consists of a 
selector-gate electrode which connected with the sidewall which consists of contest the aforementioned polysilicon, 
and was formed. 

[0010] Moreover, the process of the semiconductor memory by this invention (a) the 1st insulator layer forms in a 
semiconductor substrate front face - having ~ this ~ the process by which a gate electrode is formed on the 1st 
insulator layer - (b) The sidewall which is from the 2nd insulator layer on one side side of this gate electrode is 
formed. The process in which the sidewall which is from contest polysilicon on the side side of another side of the 
aforementioned gate electrode is formed, (c) A source field (drain field) is formed by ion-implantation by using both 
the aforementioned sidewalls as a mask, the process by which a selector-gate electrode is formed on the 1st [ of this 
field ] insulator layer, and (d) the 4th insulator layer forms on this selector-gate electrode ~ having - this - it consists 
of combination of a process in which the word line with which the gate electrode of the cell located in a line with the 
longitudinal direction was connected is formed on the 4th insulator layer 

[0011] ° . . , . 

[Function] Since the high concentration field (a source field and drain field) of the 2nd conductivity type is tormed ot 
the sidewall by which the gate electrode of a memory transistor was formed on the 1st [ of the semiconductor substrate 
of the 1st conductivity type ] insulator layer, and was formed in the side side of this gate electrode according to this 
invention, it estranges with a channel field with a detailed size, and a source field and a drain field are formed. 
[0012] And one sidewall is formed with contest polysilicon and connected with the selector-gate electrode, by 
impressing voltage to this selector-gate electrode, the depletion layer by the side of a source field spreads, a channel 
field and a source field are connected by the depletion layer, an electron is supplied to a channel field from the source 
field of a high concentration impurity, an electron injection is performed to an insulator layer from the whole channel 
field, and writing is made. 

[0013] Under the present circumstances, in the cell which does not perform other writing, since voltage is not 
impressed to the selector gate, writing is not performed. 

[0014] Moreover, at the time of read-out, while voltage is impressed to a word line (gate electrode) and a selector gate 
like the time of the above-mentioned writing By impressing voltage also to a drain wire, the depletion layer of a drain 
field also spreads and it connects with a channel field. According to the threshold voltage by the charge by which it 
changed into the state of it being connected and energized and getting from a source field to a drain field through a 
channel field after all, and writing was made, it is a flow and un-flowing, and the state of "1" or "0" can be read. 
[0015] Therefore, the FACE type semiconductor memory of the fine structure is realizable with a MONOS type or an 
MNOS type. 
[0016] 

[Example] Below, this invention is explained, referring to a drawing. Drawing A shows the structure ot the 
semiconductor memory by this invention, and is (a). Cross-section structural drawing and (b) The plan is shown. 
Moreover, the representative circuit schematic is shown in drawing_2 . 

[0017] In drawing 1 , it estranges on both sides of the channel field 2 of the 1st conductivity-type (for example, p type) 
semiconductor substrate 1, respectively, and the source field 3 by the high concentration field of the 2nd conductivity 
type (for example, n type) and the drain field 4 are formed in them, this source field 3 is as common as the drain field 
of a cell on the left, the drain field 4 is communalized with the source field of a cell on the right, and the FACE type 
semiconductor memory is constituted. The 1st insulator layer 5 is formed in the front face of the semiconductor 
substrate 1, and this insulator layer 5 is formed with the two-layer structure of the three layers, silicon oxide, and 
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SHIRIKONCHITSU-ized film of a silicon oxide, a SHIRIKONCHITSU-ized film, and a silicon oxide. On the 
insulator layer 5 of the channel field 2, the gate electrode 6 formed by the polysilicon contest film is formed, and the 
sidewall 8 of a polysilicon contest film is formed through the 3rd insulator layer 7 at one side by the side of the width. 
This sidewall 8 is electrically connected with the selector-gate electrode 9 formed with the tungsten etc., and the flow 
between the source field 3 and the channel field 2 and un-flowing are controlled by voltage impressed to the selector- 
gate electrode 9 through the sidewall 8 of a polysilicon contest film. The sidewall 10 by the 2nd insulator layer is 
formed in the side side of the opposite side of the gate electrode 6, and the channel field 2 and the drain field 4 offset, 
and it is formed. It wires so that a word line 12 may connect the gate electrode of a lateral cell with this selector-gate 
electrode 9 bottom through the 4th insulator layer 1 1 . (b) of drawing! The gate electrode of the cell of the longitudinal 
direction of each cell arranged in the shape of an array is connected so that it may be shown. A word line Wl, W2 It is 
formed and the source field 3 of each cell located in a line with lengthwise and the high concentration field of the 2nd 
conductivity type of the drain field 4 are connected. Bit line B-2, B3 It is formed, the selector-gate electrode 9 of each 
cell similarly located in a line with lengthwise is connected, and they are the selector-gate line SG2 and SG3. It is 
formed. 

[0018] Thus, the method of driving the semiconductor memory formed is explained. Cell Ql shown in drawing 2 by 
the representative circuit schematic It explains also referring to drawing 1 about writing and read-out. 
[0019] In order to write in first, it is a word line Wl . The 10V place high voltage is impressed and it is a selector gate 
SG2. It is a cell Ql by impressing the 5V place high voltage and impressing the low voltage near 0V or it to other word 
lines, bit lines, selector-gate lines, and substrates. Writing is performed, namely, cell Ql Selector-gate electrode SG2 
**** since it is impressed 5V -- alienation of the source field 3 (bit line B-2) and the channel field 2 - a depletion 
layer will be formed in a portion and it will be in switch-on, and an electron goes to the channel field 2 from the high 
concentration field of n+ type of the source field 3, tunneling pouring of the electron is carried out by the voltage 
impressed to the gate electrode 6 at an insulator layer 5, and writing is made Since the high voltage is not impressed to 
the gate electrode 6 or, as for other cells, the high voltage is not impressed to the selector-gate electrode 9, writing is 
not made. That is, writing is made only when the high voltage is impressed to both the gate electrode 6 and the 
selector-gate electrode 9. < . 

[0020] Below, read-out is explained. By being in the state where current may flow between source-drains, and 
impressing voltage to a gate electrode, ON and OFF occur on the threshold level value voltage according to the write- 
in state of a gate insulator layer, and read-out of the state of "1" or the state of "0" can do read-out. therefore, cell Ql 
for performing read-out ~ bit line B3 the 5V place high voltage impresses ~ having ~ the alienation between the 
channel field 2 and the drain field 4, while a depletion layer is formed in a portion and the channel field 2 and the drain 
field 4 are connected with it Selector-gate line SG2 The 5V place high voltage is impressed and between the source 
field 3 and the channel fields 2 is made into switch-on. on it Word line Wl By impressing the 5V place high voltage, 
according to threshold voltage, current can flow, or cannot flow and it can read the state of " 1 ", or the state of "0" 
between source-drains. At this time, it is bit line B-2. It is the voltage near 0V or it, and other bit lines are made 
opening. Moreover, all of other word lines, a selector-gate line, and a substrate are made into the low battery near 0V 

or it. , 
[0021] In case it eliminates, it is the package elimination method of all cells, and the 10V place high voltage is 
impressed to a substrate, and all of other word lines, a bit line, and a selector-gate line are made into the low battery 
near 0V or it. 

[0022] If the above relation is summarized in a table, it will become as it is shown in Table 1. 

[0023] 

[Table 1] 
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[0024] Below, the process of the semiconductor memory of this invention is explained. Drawing 3 -10 are the 
manufacturing process view of the semiconductor memory which is one example of this invention. 
[0025] First, as shown in drawing 3 -4, the 1st insulator layer 5 is formed in the front face of the semiconductor 
substrate 1, and the gate electrode 6 is formed succeedingly. Specifically, 800 - 900 ** and heat treatment for about 20 
minutes are first carried out by the oxidizing [ thermally ] method as the 1st insulator layer 5, and about 20A silicon 
oxide is formed. Furthermore, it is SiH2 C12 by CVD. Gas and NH3 Gas is introduced and about 80A of 
SHIRIKONCHITSU-ized films is formed by carrying out gaseous phase reaction for about 10 minutes by 700 - 800 
**. About 50A silicon oxide is formed of the steam oxidation style which besides introduces a steam further and 
carries out 900-1000 degrees C and heat treatment for about 60 minutes. Even if it is not a three-tiered structure, the 
two-layer structure of an oxide film and a CHITSU-ized film is sufficient as this 1st insulator layer 5, and each 
thickness is 15-30, and 190-300 in this case, respectively. It is desirable to make it angstrom grade. It is SiH4 in order 
to form the gate electrode 6 on this 1st insulator layer 5. Gas and N2 Gas is introduced, about 5000 A polysilicon 
contest film is formed, etching removal of the interval of the sum total for a part for the gap of the channel field 2, the 
channel field 2, and the source field 3 and the gap of the channel field 2 and the drain field 4 is carried out by 
processing of 600 - 650 **, and opening 15 is formed of it. 

[0026] Next, as shown in drawing 5 -6, the sidewall 8 of a polysilicon contest film and the sidewall 10 by the 2nd 
insulator layer are formed in the both sides of opening 15, i.e., the both sides of the gate electrode 6. Specifically, it is 
SiH2 C12. Gas and N2 O gas are introduced, a silicon oxide is formed all over about 2000A of the CVD which carries 
out gaseous phase reaction by 500 - 600 **, etchback is succeedingly carried out by the RIE method, and one of the 
two is masked, it ********** s? anc i the sidewall 10 by the 2nd insulator layer is formed only in one of the two. 
Furthermore, a steam is introduced into the stoppers of next ion etching as the 3rd insulator layer 7, and it is about 500 
by 800 - 900 ** and the pie ROJIE nick oxidation style heated for about 30 minutes. The silicon oxide of angstrom is 
formed in the circumference of the gate electrode 6. About 2000A of polysilicon contest films is formed by CVD like 
the above-mentioned after it, and the sidewall 8 of a polysilicon contest film is formed of etchback. Under the present 
circumstances, etching removal of the sidewall of the near polysilicon contest film with which the sidewall 10 by the 
2nd insulator layer was formed is carried out. 

[0027] Next, as shown in drawing 7 -8, the impurity of the 2nd conductivity type is introduced by ion-implantation by 
using sidewalls 8 and 10 as a mask, the source field 2 (drain field 3) is formed, and the selector-gate electrode 9 is 
formed on the 1st insulator layer 5. Specifically, the ion implantation of 70keV(s) and the dose is carried out [ the Lynn 
(P) ion ] for the acceleration voltage of ion by 5x101 5cm-2, and it is after it and WF6* Gas and SiH4 Gas is introduced 
and a DANGU stainless steel film is formed of the CVD made to react by 300 - 400 **, and it is formed so that it may 
become lower than the field of the gate electrode 6 by etchback. Under the present circumstances, since the 3rd above- 
mentioned insulator layer 7 is formed in the front face by the gate electrode 6 side, etching stops at this 3rd insulator 
layer 7, and only a tungsten film **********§. it j s formed at a next process that this selector-gate electrode 9 is 
formed lower than the gate electrode 6. When an interval with the word line 12 which connects the gate electrode 6 is 
near, it is for preventing that between the source and a channel is that the voltage impressed to the word line 12 
interacts to the selector-gate electrode 9, and voltage is not impressed to the selector-gate electrode 9 at switch-on. 
[0028] As finally shown in drawing 9 -10, the word line which connects each gate electrode of a lateral cell through the 
4th insulator layer on a selector gate 9 is formed. Specifically, it is PH3. Gas and SiH4 Gas and B-2 H6 Gas is 
introduced, about 1000 A BPSG film (BOROFOSUHOSHIRIKE toga lath film) is formed of the CVD made to react by 
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500 - 600 **, and flattening of the BPSG film is carried out by carrying out heat treatment for [ 900-1000 degrees-C ] 
about 60 minutes. Carry out etchback by the RIE method, the gate electrode 6 is made to expose after it, a polycide 
film is formed of CVD on it, and the WORD line 12 is formed of patterning. After it, a protective coat is formed in this 
front face at any time, and it gets. 

[0029] The above-mentioned example is an example to the last, and without being restrained by the above-mentioned 
example, it is made by well-known other materials and a well-known method, and it deals in the material and also the 
forming method of an insulator layer or an electrode. 
[0030] 

[Effect of the Invention] According to this invention, the offset between a channel field, a source field, and a drain field 
can form in a self-adjustment target by the sidewall, a mask is unnecessary, and turns minutely, and the semiconductor 
memory of a highly precise MONOS type with a small cell area or an MNOS type is obtained. Furthermore, according 
to this invention, since it is made for the voltage of a word line not to influence the offset between a channel field and a 
drain field, it can contribute to much more detailed-ization by the insulator layer formed in the front face of CVD etc., 
without forming the LOCOS oxide film which forms a thick oxide film in a semiconductor substrate. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dama ges caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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